\mmmmwmmm 




(43) International Publication Date 
26 September 2002 (26.092002) 

^ lnterM « i on 8 .P. te ntCU M «i«-t toB ': H01L21OM 
^iBtenutioaaiAppUcaaoaN-mber: PCTAJS02A.4806 

(2J) i.ten**™..^^ 

English 

(25) Filing Language: 

(26) Publication Langiwse: 



(30) Priority Data; 
60/275,874 
• 60/286,107 
60/326,263 
10/038,066 



U March 2001 (14.03.2001) 
24 April 2001 (24.04.2001) 
1 October 2001 (01.10.2001) 
3 January 2002 (03.01.2002) 



H f APPLIED MATERIALS, INC. [US/US]; 
rwwN Uans-Yuk,; 1400 Melbourne Street. 



(10) International Publication Number 

pcx WO 02/075804 A2 

nUBOUST, Alain; 668 Bryan Avenue, Sunnyvale, CA 

CA 94022 (US). 

* oATTTRSONa William, B>; Moser, Patterson & 

(74) SSSS^^^^^ 
TX 77056 (US). 

(81) Designated States (national}: CN. IP. KR. SO. 

NL, PT, SB, TR). 
upon receipt of that report 

[Continued on next page] 



US 
US 
US 
US 



S (54) a method and apparatus a 




bi« to the ^J^JSTKi.-*-. 
at least a portion °f*"°^e insure. 
a„ apparatus ts provided ' ~ »J* £ a substrate 

earner movably dispose substrate in an 

at least a portion of the substrate surface. 



PCTAJS02/04806 

WO02/075804 t 



' ■ taims benefit of United States Provisional Patsnt 
App^on Serie. Number jWJ** ^ ffle{1 0|) 2001, 

BACKGROUND OF THE INVENTION 

^tf^ — p - ~~ - msUwd ■ " 

pCi^o.a^^aaan^ona^ 

Pnr trnronnd of ttr ?» lated Ar * _ „ f ^ tey technologies 

„ the next gener*on d r ^ plana[lzatlon of 

interna* that h at » . £1 - ** 
interconnect faaturas formed In P features „ ^ 

W ortant to the success of UlSI ana to 
dlttyand^onindW.ua.subsWesandd.a. 

n^lava^of conduct. sam!«^^ - ^ 

on or removed from a surfaca 0 . , nOTber „, 

^iconducdng. and dWecfnc ^^Z^l^L In modem processing 
depose techniques «— - J ^£ ^ ^ce, vapor 

lnd ude physfcal vapor vapor deposHion (PECVD). and now 

dapositlon (CVD), plasma-enhancad chermcal vap 
electrochemical plating (ECP). 
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v*e* matedal Is removed teml„ T' " 8 SUfac8 ' i8 a P«»" 
— . Ptenar sutJ^L^ "?* * » 8 <° *» a genera,* 

^J^Ttl! «- undesired sutfece 

deposited material used to f» the L» ^ 8 by removin 9 ■«»- 

cberetea, ~n^^£ CMP udlizes a 

P«na head fe mounted „„ , JT*°^ 

Poking pad In a CMP apparaT^ " " P ° 8 " , ° nea " * a 

P-ssuretotheaubs^^X^™'.^ ~ 8 
--d relate to «he subsLto J ^aT '* hin9 ^ 
*• P*hing or rubbing movel, bT L 9 *"* ™* CM " ™« 
P*hlng pad white d^I~ ^ 0,6 «*—«» and tba 

**** and/or meoharl " *"* to *- <*— • 

audace of tba substrate MnMqUen0al — * *»— the 

2. jsus; r:rr * ulsi * fom — ■ - 

Copper b a ma.eda. balg ^ ^ ^ ete *<* ^ees. 

aluminum. Copper can be deeoel^h *° n8 ' ma,eria,s "* as 

ateeboplattog. EteobjT^te ^"'^ SU0 " " ™ and 

technique with premise ECPis 2 Tk" " " - 8 ** e <te " osi »'"' 

- - app^ B eurrTto L~ 8 "~ * 8 — 
and deposit onto the substrate. copper ions plate out of solution 
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[0008] However, copper is difficult to pattern and etch. Accordingly, copper 
features are formed using damascene or dual damascene processes. In 
damascene processes, a feature is defined in a dielectric material and subsequently 
filled with copper. A barrier layer is deposited conformalfy on the surfaces of the 
features formed in the dielectric layer prior to deposition of the copper. Copper is 
then deposited over the barrier layer and the surrounding field. The copper 
deposited on the field is removed by CMP processes to leave the copper filled 
feature formed in the dielectric material. Both abrasive and abrasive free CMP 
processes are available and others are being developed to remove copper. 
Abrasives refer to particulate material, such as alumina or silica, added to the 
polishing slurry or released from a fixed-abrasive polishing pad during polishing 
which provide mechanical abrasion to a substrate surface being polished. 

[00091 Additionally, substrate surfaces may have different surface topography, 
depending on the density or size of features formed therein, which makes effective 
conformal removal of copper material from the substrate surface difficult to achieve. 
For example, it has been observed that copper material is removed from a dense 
feature area of the substrate surface at a slower removal rate as compared to 
• removing copper material from a substrate surface area having few, if any, features 
formed therein. Additionally, the relatively uneven removal rates can result in 
underpolishing of areas of the substrate with residual copper material remaining 
after the polishing process. 

[0010] One solution to removing ail of the desired copper material from the 
substrate surface is overpolishlng the substrate surface. However, overpolishing of 
some materials can result in the formation of topographical defects, such as 
concavities or depressions in features, referred to as dishing, or excessive removal 
of dielectric material, referred to as erosion. The topographical defects from dishing 
and erosion can further lead to non-uniform removal of additional materials, such as 
barrier layer materials disposed thereunder, and produce a substrate surface having 
a less than desirable polishing quality. 

[0011] Another problem with the polishing of copper surfaces arises from the use 
of low dielectric constant (low k) dielectric materials to form copper damascenes In 
the substrate surface. Low k dielectric materials, such as carbon doped silicon 
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^2^2 " ^ COnV9ntt0nal P ° feh,n9 "» ('».. about 6 
PS* called do^, ^ detrimenfc% ^ ^ ^ 

!2Z rf 8 P °" Sh ' n9 — <oroe afong fl,e 

^surface and defom, ft. few* H to form topo9raphtoa| ^ ^ 

as scratches, which can detnmentelly affect subsequent poking. 

^1 a rasufl, thera Is a nsad far an appals and mefltod for deposing 
andpfenan^r^a^lfeyer.su^asacopp^feyar.ona,^. V 

SUMMARY np the INVEH^ 

DDL " *" lnvenBon Ben8rany TO,hods and w— 

ta, a subsbete surfeca with reduced comae, pressure between a snbsbate 
and a Mshmg apparatus. ,„ one aspect, a memod i, provWeo for pr0C8s8i „ a 
Sdbstrafe adding posing the eubstrata In an efecboMe sotefion US 
" ' ~ on a subsbete a^ce, j££ 

strata ,n the efearotyfe soluflon. apply^ an anodic Was to the subsbate suL 
and removing material from at feast a portion of the substrate surface. 

*»t in another aspect, a method Is pravided for processing a subsbate 
1. a ecbofcte Includfeg a oonoslon , nhMor , . ^ 

sTZ I" C ° mbh,a,to,,S therBOf ' '° *- 'ayer on a 

subsbate surfeoe, poifeblng the subsbete fo me etecbolyte solution with the 

pobshmg anfofe to .amove a. fees, a portion of me cunen, suppressing feyer 

ap^ng a bias be^een an .ode and a camode rflsposed ,nU» elZ 

a"rdfei d ir fl ^ , " m ^ a ^ n ^^^- 

Pt* in anomer aspect, an apparafos Is provided for pmcesslng substrates 
mcfedmg a partial enclosura defining a pmcessfeg region and ha«ng a fluid fete, and 

in *e parbal encfosure. e subsbafe canter movabiy disposed above me poZng 
arbefe me subsbate canier having a substrate mounfing surface, a power 2Z 
connected to a, leas, the partial enclosure, and a computer based conboUer 
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♦ ei«on a substrate in an electrolyte solution to 



substrate surface. 

I aupoeed ft oonnecflon * i ^SS," irt « conned to 

■ apposed in *» ma * a Xr^ — — -» Mn9 M " 

„,» or more eiecflochemieal pmcsssmg celis, and 

supples connected to the one or mora. 



geigr^BE aCRIP 1 "^ 0F - JHF ^ I T l boue recited features described herein 
P^^"^" HI deTe ^ descrip«on of the 

- ^ and can he — ^ ^ to „ en*o*nen* 
invention, briefly summanzed above, may 

^of which are feM* In the appended drawls. 

K^impnt of a processing system 
, ie a olan view of one embodiment ot a p* 

J — 

8yStem ' » another embodiment of an 

^ Figure 3 Is a schematic top view of another em 

electroplating system; 

actional view of one embodiment of a process,,* 
Figure 4 Is a cross ^ ^ a permeable dlsK; 

apperah* of the invention showing a substrata dtepos 
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ELS' ^ ^ 8 Partial cross sectorial view of one embodiment of a carrier 
- ^' 9ure 6 A is a partiaJ perspective view of a plurality of substrate clamps; 
-ion „ re Z^Z^ ^ " 01,8 ° f ****** «°» -a 
CasseST M ^ 70 ** ' -* — * »e can*/ 

,0A - 10e — *~ - - of a ca^ ^ 

Wl Figures 13A-13F are « 

a po»sb^ appa^, There n l^,rr P ' eSS,TO ^ 8 
Pfcnarizmg p^ for ^ ^J"** *«*« b referenoe to a 
°«ner oopper coma Wng mJ^^TT ^ "* " 
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* - Erases ueed herein should be given their ordinary end 
IM ™ ^^TT^eLed in the ert unieee etherise further 
eatery meaning m me en by ~ #■* * ^ endWudee. 
^ned. Chentioai-meohenteai poto^ ^ ^ ^ 
but is not Wed to. abrading a substrate aecbopollshtog 

^ M broadly ' d 0 t'olsnrioa, ecd*, such as by anodio 

a strata by me ^"^^ here * as me epp^on of an 
mutton. Anodic disso*. , ^ 6Ub8trate 

a^c bias to a substrate surtaoa « co^ j ^ g ^ sutfece 
aurtac* met reeults in toe bettor <«™^ nical ^ (6CM P, b 

.rtoasunoundingoonducSveflutd. ^ applica9on of 

avaUebte tron, Applied Mater**. te interfaoe 108 , a toadlng robot 

^ <m la disposed proximate me factory 
loose, Q— T. <*° J^;^ t0 tecBtate M transfer of substrates 
toterfaoe 108 and me procaaemg moduie 2 a M ^ 

m .berebeiween. The factory ^ 11S „ employed 

114 and one or more eubabeto f-"*^, ^ 116 , d aeni^ moduto 
^^nsfersubetretos 123betweenme ^ to ^ 

114 end an input module 120. modute 112 and ma factory 

of subsbates 123 ~ £ZZ <* - **" "*» ^ "* 
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09>S47,W, filed April 1t 2000 ^ 

by^erobotno fec^ ^ „ Z 1 J* ^ 8,8 ran9e * **» Prided 
Richmond, ^tZTT" * 

- ^ orient fc z^str**™***** 

orientation. 18 123 m •*«■ a vwltaj or a ^tax** 

|00M ' 'n one embodiment shown In Fioum 1 

-as a h^ ^ 122 „ a ^i"- modute 
Processing slaUon 1(B afW me *»' -*» to me elechochemteal 

-nachine base « ^ * 8 » * "* - dtepoeed on a 

P-oceasmg ^ „ 1 .« may oonprise one or more 

**P««"o perfom, eteCroohemte.tr * *" m ° dU,e 112 "■*'■» 

. a„d «JSisirr - 

combinations thereof. Eaoh noB-TT' ^ ^"""l r*ww«ig. or 

"near poilsh^ p, ate „. a ^ te J£**'* mm **"«. a nftu* 

^--rr^rr-.i-: 

assembly 124. The transfer robot 132 ha* • r ° 01 132 ' 3 ,0ad 

~ «^ M grab the subsll "* ^ 

transfer robot 132 lifts the substrate 123 fiTT- * 8UhS,ra,8 ' S ***>■ ™o 
»» rtp<r and subshafe ,£t ST^ ^ **" 128 « «— 
^134. then ^1^^^ «** 1« over me teed cup 
A" axampte o, . tensfer 3 *>»n onto -cad cup essemb* 124. 

W* te United States P atent I!!, ' 10 adVan,a9e is by 

to common 1^",^ * « Ocfeber 10 

incorporated by reference. W MaR,rals - ,nc - «* which is hereby 
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[0040] The carouse! 134 is generally described in United States Patent No. 
5,804,507, issued September 8, 1998 to Tolles et al. and is hereby incorporated 
herein by reference in Its entirety. Generally, the carousel 134 Is centrally disposed 
on the base 126. The carousel 134 typically Includes a plurality of arms 136. Each 
arm support a carrier head assembly, or polishing head, 138. One of the arms 136 
depicted in Figure 1 is shown in phantom such that the transfer station 122 may be 
seen. The carousel 134 is indexable such that the polishing head 138 may be 
moved between the modules 102, 106 and the transfer station 122. 

[0041] Generally the polishing head 138 retains the substrate 123 while pressing 
the substrate against a polishing material (not shown) disposed on the polishing 
stations 106. One polishing head that may be utilized is a Titan Head™ substrate 
carrier manufactured by Applied Materials, Inc., Santa Clara, California. 

[0042] Further, while not shown, a computer system or computer based controller 
or a computer program-product may be connected to the system 100 for instructing 
the system to perform one or more processing steps on the system, such as 
mechanically polishing a substrate surface, electrochemically removing material 
from a substrate, or transferring a substrate in the system 100. Alternatively, if 
electrochemical deposition or concurrent electrochemical deposition and 
electropolishing are practiced, the computer system, computer based controller, or 
computer program-product may be adapted to also perform those steps. 

[0043] To facilitate control of the system 100 as described above, computer 
based controller 140 may be a CPU 144 or one of any form of computer processor 
that can be used in an industrial setting for controlling various chambers and 
subprocessors. Memory 142 is coupled to the CPU 144 and the memory, or 
computer-readable medium, may be one or more of readily available memory such 
as random access memory (RAM), read only memory (ROM), floppy disk, hard disk, 
or any other form of digital storage, local or remote. Support circuits 146 are 
coupled to the CPU 144 for supporting the processor in a conventional manner. 
These circuits include cache, power supplies, clock circuits, input/output circuitry 
and subsystems, and the like. Process sequences, such as by aspects of the 
processes described herein, is generally stored in the memory, typically as a 
software routine. The software routine may also be stored and/or executed by a 
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second CPU (not shown) that is remotely located fmm th , , 

bytheCPU-144. "''"o^ftom the hardware being controlled 

100441 F « ure 2 *picts a schematic top »few of 

P-ocessing system 200havklg at tees, one JZZl ^ * 8 

■»*-—**-» Applted Metedalsjnc k^ZT^T 

o, .in* iQcaiea in Santa Clara, California 

I0W5J The system 200 includes a loadina station 9m » ^ 

mainframe 214 generally indudP* * ^ 210 anda Enframe 214. The 

(3RD) station 21^ ^ IT *"* - * B 21 °' * *V 

P— a^oen, the ■S^^TT' ^ 220 ,8 
to citato electrode usad ^1^2 °* ■ *° 

Polishing station 216 Indi,** electroplating process. Each 

**»«>-;22l r po,,shln9 p,a,ens 2,? - ^ 

or eel, as de^'h^reTo T P * h ' n9 8 *-« 
deposed on ^TpSTw h""^ ^ * 8 ^ ^ 

2L.22!2rJ22=rr-* r '--- 

221 includes one or more oo^r ,0 ^ SUpply statfon 
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atone module mat is connected to the oonw 



p^eaeyaccese^anope^r. 

Z** areas 224, one ""^^^ ^receiving «ees. 

tees, one eubs^ ofente, >— » - ^ 

^ efctton transfer rob* « ) J^- fcaBI M-l-«-* * 
a^^ocan^c^uredaccc^^ ^ ^ 

^ ,„ Hgure 2. the toadmg ^™ * ^ ^ rob ots 228 end 
cassette receMr* areas 224 J*"*^ ^tog «*— 234 ts 
0 „e substrate onentor 230. AsubsUate oas^23 ^ ^ 

Lded onto me subsbste ^^^^228 wafers substrates 234 

^nfhesubstratecesse^end _ ^ ^ 

Lnte.cn te enaure mat me -««^SL me toadtng stetton 210 and 
U«rafarrobot228 *^'£££Z» 210 and me me- anr»al 
„ SRD stebon 212 and etso tnctudea a substrate cessefte 

^ 211. The toadtng ^^Ld to fa««e — * " 
231 for temporary storage of subs«tes as n 

e^mtougttmeeystem. 

p, W^^^ttTbUn diffarentstetloneadachedto 
U ^^^JSS*. *2 inCudes a p.**, of 
«. malnffama stedo. The teat te*«d as an end effector 

rt. arms 242 p. *— subsbates be^een dffferan 
te each of Iho robo. arma 248 ^ ^ 

^aftech^temama^a as -^ ^ ^ ffip8 ^ 

t0 fte destrad surface odentehon . Wr ^ ^ h *e 
euhsfmte procesamg surtece fa~**» ^ and m »e 

p.e.essing cell 240 or poushmg process 
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substrate processing surface fe 

P~»» or substrate ^ ° B " UP ** such as the spln-rin^ 

Automation, Inc.. located „ 88 ~Mb from Roree 

a^fcruse^e^^;^*™- ^ *P« row 244 may ate be 

™*lrates in tte ona or mora ete ^_, J " ranSf8r a^or 

process 

» mora polishins stations 215 CTTO,eml «" P"°oo**>g alatlona 216 and (ha one 
""""I The rapid the,™ anneal (Rta> ^ . 

*• 'oading steUon 210 , ^ s ™ * p^ fo 

*own in Ffeure 2 includes (wo RTA ,f 8 ' 11,8 ^Plating system as 
- <«*, steOon 2 ,o, oorraspo^tl ^ " W, of 

«* > one embody X^**"""— — 

•"I anneal chamber, su* as the iro ^TV"" - * 3 ra <*< 

™ The eteCro^ -* -* ^ 

e'acbotyte tank 260, a plura^ „ M ™™ oomprtaea a main 

«■ One or more conWerslJZlt « 8 * "» 

<a<* 260 and (he ope rafi o„ , me £SrTr * "" **** h *» — 
- -Were are ^ ^ 

222 of the system 200. bUt "^"""a' 1 the central system 

fm The mam electrolyte tank 2fin „ * 

— ji=~Ltsc 
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. nw, 262 certain the chemicals needed for composing 
process « The source tanks 262 •«* ^ ^ ^ 

l*^ and U*« inoU.de a d ^ ^source tanks 262 

SU^CCUSO,)^^^^^/^ (HC1), hydrogen 
^ corta,n hydrogen sulfate (H,sa* » ^ , ^ and 
phosphate (H.PO.), and/or var^s J ^ ^ ^ 

rrre^nrir----^^ 
p. ^^^^ f -*sKs: ruT : 

processes a 
repteced^hpottswngstat.ons 215, and v. 

^ fishing Platens 217 of ^ ^ an naal chamber 21! 

^sofo^erprooesrtngcornponente^a wr ^ e embodimerta of 

andoneorr^au^P^^^^^noftheone 

21sare deposed m^ure 2. ^ ^ 

^ — "^^g^-— - 



shown in figure - ■■»" electronical process.* — - 

a process** system 200 havrng at least o eete ^ pfocesses 

a : a, .as, one — al po« « J % ^ sta^on 210. a 
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Processing stations 218 and 

Pofehlng stations 212. ' °' ^ P ° mn9 ptetens 23 « *>posed at the 

^VteZ-aiT^r^ ™-r' annea ' 2 " a ™> « 

-«ame ^ station 21e arej a ^ Tf™ 214 «"»«* comprise, a 

P**g sWton 212 ^ ^t^™^ ^ons 218 «, 

<" the embodime* shown h ££ T*T 214 aM "» *•« «a«on 
*ambe re 211, (wo substrata ' " ' .™ SyStem 200 ">*d«, two 

anneal 

"-star mboto ^ one ^ ^ "T* — *» ^ stadbn 
•techoplathg cete 240. M ' tW ° POfe,,in 9 P^ans 238, and four 

*Posed a. the locations ■„ ^ ° Ub8,rate ■»»*«* cassettes may be 

-hod^nt^ayhavaonaornrirnTr" 9 ^" 3238 - ™— ^* 

---^2« ff jr^r^r, a,,he ^ nof - 

'/stem shown in Figures 2 t 422 ^ 

— ** tor the canter assam^ 1 " ' ~»* 

•» P^na system 200 of r^T m^'* * *° «* —** <- 

WW"* W ™ 1 - Name| >'- •""» carder is mounted in a 

"** ^ apparatus 420 general „ 

~ * a stanchion 480 ££££ ' *"* 430 

OeneraiV Mudes a base supped 4* Z\TZ *"*» <• 

« «-e earner assent 43 „ ^ J^f " 1 ™* * ~ 

other Positions, for example to oaT ° *" encl ° sure «* or to 

Pressing systems notshown' ^ * to hte *» **> omer 
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, , * th0 earner assembly 430. The lift 

^aniem 486 genera., con** M» *- 486 ^as a »near 

reW on to me parte, encore 434 The^ ^ ^ Bke , 

^ 488. such as a baft aoew toad base support 

a flul de 490 that stWes aton 9 a raH 491 Th ^ ^ (( ft ^ „, 

^ ma, be oontroteb* oHan^ £ 486 and hinge 494 ate* 

aboU t60 degrees ^latWe.oho^l T^t'" ^ ^ 

me carder assemb* 430 M a ^ fcmraten ri 

anctosure 434 «M ' ^^a* <teK 428. su* as a po«sh.ng 
p— d ^^afa<*Zoe»ontheO«serp,a,e444. The 
pad, ts disposed and supported I ^he ^ ^ ^ ^ su0 „ M 

U, encore 434 can be . •£ ^ „ ar6 Mn *ateto 

TEFLON^. ' 434 | s connected to a shaft 432 on its 

* p^ chentealas. The abator* adapted to rototo toe 

^arsurtacamatextondsbeto^toe^ ^ ^ 4M 

, ,„ 434 can be connected to a mounting 

^*m, „ oonnectod to ~ ^ ^ in ^ base 

actu ator(notsho W .).sud.»amotor,e. 8 .,a 

482 ' .slower portion of the enclosure 

434 where it may be immersed m me 
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perform as either an a„~* 

oiuier an anode or a cathnWo w 

«. (oa^ e) . applfed to r F i e riT pos " ivebia8,8nod ^ 

sue as b, -«*JSJ^^— 
Nation, as a cathode and a* wafer sunL * — «6 

anode for ma dissolutkv, ^J* « «- -* « 42, „*, act „ 

"" le8 l TJie anode/cathode 426 e> 

^rana or c^. ^ J^^StT ^ 8 
<° •» *PMM or removed, such as^T Z 7* « °» 

- - embody th e ^ °" 8 - 

anoda/ca^ 428ofam ^ ( ^^ ™. "mpnse a non^, um8bte 

* « «*»ar deposit or ar "* 88 Pla,hu ™ 

P-ooassas, *e anodeAsthode 42^1 A " Bro8tt ' Bly ' * 

"V "0*. periodic replacement 8 Mnsun1abte anode/cathode that 

"""I In at Isast one embodiment a, 

^.a^^n^th^Zr^T^ ^ 15 

<" ambodlmen* ^ ^ f * " » 8 ^ « " M 

•» •»«- h«* me anode/caC • aP ' Mily0f,Wtesma V 
* Theanode/cemodeCla. ^ * «* 
anodaycamoda, ore ^l^fT^* ' 
cnamharor otharanctoau™. """^ P,8,,n9 a pamtaabte 

""•I The permeable disk 428 can h« . ... 

apeefflcationa. The permeabje disk 428 flTT* 1 *» <«-*• 
endosu. 434 „ ^ m ^ ~- at a„ upper ^ „ ^ 
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t .*p— ^wcfporeaofasunWent 

Zed thereto to — ^ • « ** p6m,6^,b,6 ™ 

However, the pernio* 

aPPl1ratt0nS ' , k 428 m*des polishtag art*. ««* 88 a 
p h o 8 nlx,Artzona- oraPVWP 

SM^MtoneapoteMtonesota. ^ ^ 

fc ^««^**T,' w example. «- » 
pon, Tttepernie atec iropollshir>a processes, r / _ lAldh _ 

. * depose and eto* P ^ ^ ^ a 

- a P*-. "* ^ ^* to Provtoe a candutfve P* "« * 

materials arw k 107 filed on Apni * u QC npds 

ApP^^Nun^^ ^ ma Catms and aspecto 

^ W refetence to the extent 



desotoed herein. for the permeeble disk, the 

^ a conductive pofehlno. article » » ^ (not 

shown), an d may do 
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Amatively, the po lisfl ,. 

conductance such . J V form an insu 'ator materia. « 

»"W «<« of fte po^ "'^ncv^e operate A 

• varte^ of 0Wpu , wave^s^" ** «* * ^ „ 
of a oonatan, ^ £* - «..«*« wavetenn «„,, 

example, Ihe po^, "V Particular power supply desj(,„. Fof 

100781 TtedUtaer plate 444 or™* 

,2 US "" *— » as ao^^^^^^Partte.anctoaare 
■**«■» « m m ** ** « other means suoh as anao or 

*~ P'«e 444 oan te .natof a ^ a "« * J TfT 

dmraer pfcfc 444 fe p^ °™ ™ ^ ^ente. ^ 

— process „ ire(ow , ta J£l * « <° 

*^Posto by^ uct8i fof S ^ 8rafe •» anchor and aupp^ 

i2^a2MsS 4l commerc/a/Jy 
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te me Ras* C«P. - «-*■ *" 8 ** P '* 9 V °' Ume 

^brene may be disposed between the 
^ WbUe not shown, a ™^ ^ pro duoed from 

anode/cathode 428 and the P"""- 1 **^*, ^ anQ dapoaKnfl as parddes 
„ anode/cathode m *om "**"« te permeable to etecWyte 

preducts on the anode/Cathode surface. 

, ^assembly 430 is movabtypostttoned above 
w The substrate carrier or he *^* ^ „ .MM* 
Urn-hie disk 428. 

above^patt^^^^^^, 
earta, assent 430 ma, be rotatable abort a are cfeet to provide 

„. pa*- endosure and the head -am^ JF^ ^ <— 

orbttal motk>n between the l-™"***^, „ „ a«p«^ relative motion 
430 . 0«a. mod- » ^r asaembt, 430. The 

between me pem«ab* d*k 420 - v* the dapc*n surface 

suhsrrate carrier assembt, 430 ^ ^ maSvely , d,e pen,e*le disk 420 
feeing down towards the permeable «* 4 ! . ^relative rnodon 

rrsr:-— - 



assembly 430. 
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Th9 power head 456. w*h m a*s. ™ «- *~»" 

previdea rrWon to me column 470 ^ ^ ^ 470 an0 te 

addfflona«y Includes an actual r 454 m ^ ^ be a ^ scre w. 

^apfed to me head assembly 478. The a „ 8 to move 

paaumatlc cylHKler or omer linear actuator, allows 

in relation to me seat assembly 476. 
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474 9eneral V Include a base member " . 4 18 piWK '" 1 ^ flipper fingers 

«■ «— ^ ^ 494 « . — ^ 

^^tothegri^rpTeto^ ~ 466 ' ^ te » —bar 466 „ 
- ~ * aifcns * a ^ £ SST!? 7 
, ** «™ber ft disposed through ■„ JTT "* A ** * - 

.'•»- A spring 458 maJl V ^ 474 8 " and 

moved Inward, a notch 452 disposed at Z „ C0 "' a ' 9 "" 9ere 462 818 

■ • — « M is adapted to * k * *** **- 

—ft I" the inw™, ^ n tHL fe 422 ** ' "hot (not 

F *W ?A). 18 422 and robot (o therobetween (See 

^onthee^suohaepo^l^ri^T 0 '^^ 
apparatus 420. 8trate or transferring a substrate fn the 

=nd a p*^ rf 8ub6We ■ «• » «e m 504 , a support piate 506 

General, ^ „ ousin9 502 ^,^J? <^ « b shown). 

*< one end and tenninating in a tianoe 50^^ 528 to «» aotuator 454 
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[0084] The support plate 506 is disposed in the central cavity 512. The support 
plate 506 has a first side 514 and a second side 516. The substrate 422 is generally 
disposed proximate the first side 514 during processing. The first side 514 may 
additionally include one or more vacuum ports 518 disposed therein to restrain the 
substrate 422 proximate the first side 514. 

[0085] The stem 504 is coupled to a second side 516 of the support plate 506. 
The stem 504 is generally orientated perpendicular to the support plate 506. The 
stem 504 may include passages disposed therein to provide vacuum or fluid to the 
first side 514 of the support plate 508 or other portions of the head assembly 478. 

[0086] The substrate damps 520 are generally comprised of a conductive 
material, such as copper. The substrate clamps 520 are coupled to a conductive 
ring 522 that electrically couples the individual substrate clamps 520. A screw 
typically fastens the substrate clamps 520 to the conductive ring 522 although other 
fasteners or fastening methods may be utilized. The conductive ring 522 generally 
includes a terminal 524 to allow the ring 522 to be electrically biased by a power 
source (not shown) coupled to the ring 522 by a lead 526 routed through the 
housing 502. 

[0087] Figure 6A depicts a partial perspective view of the substrate clamps 520 
extending from the first side 514 of the support plate 506. The substrate clamps 520 
are generally disposed in a polar array at the perimeter of the support plate 506. In 
one embodiment, clamps 520 are movable relative to the support plate 506 such 
that a distance which the clamps 520 project from the support plate 506 may be 
controlled. Generally, the substrate clamps 520 comprise a plurality of first clamps 
402 and a plurality of second clamps 404 spaced equally about the perimeter of the 
support plate 506. The first and second clamps 402, 404 generally alternate in 
sequence around the perimeter and are spaced to allow the gripper fingers 474 to 
pass therebetween. The first clamps 402 are generally rectangular in shape and 
may be optionally curved across their width to match the diameter of the substrate 
422. The second clamps 404 are also generally rectangular in shape and may be 
optionally curved to match the diameter of the substrate 422. Both the first clamps 
and second clamps 402, 404 have an inner surface 406 that contacts the substrate. 
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mm As illusflated h Figure, 6A and 68. the damps 520 are angled outwani to 

• atow the subsflate 422 to pass .hereby when extended. A bump 6,0 

' nner ^ * *» *»■» 520 »**«. rth a peripheral surface 
412 of the support plata 506. Tha bump 410 oausas tha otamp 520 to (.are 
«*->% *>• tha damp 520 is extended. Optionally, support surfaca 506 may 
mcU.de a chamfer 414 to altow smoom movement of tea bump 410 onto me surface 

dl T IT 606 - ^ h ° USin9 502 *»«" • *-* "ember 

dteposad «d.a«y outerard of me clamps 520 teat urges ma damps 520 Inward. ,„ 

one embodiment, the biasing member Is a detente pin 416. 

• P0S9T The second clamp 404 generally includes a notch 418 formed on the 
contact surface near tha tip. The notch 418 has a bottom surfaca 620 that Is 
generally greater In length than the M*ness of me substrate 422. Awall419o1tha 
notch 418 dosast the and of me fire, damp 604 Is generally chamfered or englad to 
contact the bevel or rounded edge of the substrate 422. 

i«m Figure, 7A-7D dapid the substrate 422 being loaded into ma c^e, 

WX430. '"Figu re 7A,me 8 Hpper ft ,ga re 474ara ro totedtofbnnteeseet450 
that receives the substrate 422 from the robot no. shown. The head assembly 478 
■ ■ disposed In a fire, position 592 prexlmate the sea. assembly 476. Tha subeflate 

*m P ,52 2 are M ,yex te ndedtrommef ire ts,de514of.hesupportp,a te 508. After 
«» rebous removed leaving the substrate 422 In the seat 450 of the gnpper finger 
474. ma head assembly 478 Is men extended into a second position 504 to toad ma 
substrate 422 held in ma sea. 460 between tee substrate damps 522 (Sea Figure 
nj Be firs, damps 402 center tee substrate 422 relative to tea head assembly 

POSH The clamps 522 are men retraded towards tha support plate 508 Tha 

tit r,r e mmsdmp 404 "** ** ta — — * 

422 and pulls tee substrate 422 against .he support plate 508. The interact 

TZT. ^ ****** 422 a<WWona «» «— ■» second 

damp 404 »o flax outwardly agains. the dateme pte 416, dlspted^, me bo«om 

surface 420 of the nofl* 416 flora tee subsflate perimeter. Tha flLd sej 

clamp 404 and tee detente pin 416 combine to urge the second clamp 404 inwarely 

to capture tee subsflate 422 agains. .ha support plate 508 while prevlding good 
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electrical contact between the clamp 404 and substrate 422 (See Figures 7C and 
7D). 

[0092] Returning to Figure 5, the conductive ring 522 is secured to a mounting 
plate 530 that is disposed in the central cavity 512 between the housing 502 and the 
support plate 506. The mounting plate 530 is generally movable relative to the 
support plate 506 so that the distance the substrate clamps 520 extend beyond the 
first side 514 of the support plate may be controlled. Generally, the mounting plate 
530 is biased away from the support piate 506 by a spring 532 disposed 
therebetween. 

i 

t 

[0093] To facilitate movement of the mounting piate 530 and substrate clamps 
520, the mounting plate 530 is coupled to a sleeve 534 that is movably disposed 
around the stem 504. The sleeve 534 has a first diameter portion 536 that is sealed 
against the stem 504 at one end by a seal such as an o-ring 538. The sleeve 534 
has a smaller, second diameter portion 540 that interfaces with a narrower portion 
542 of the stem 504. The narrower portion 542 of the stem 504 is sealed to the 
sleeve 534 by an o-ring 552, thus creating a piston chamber 544 between the stem 
504 and sleeve 534. As fluid, such as air, is applied or evacuated from the chamber 
544, the resulting force applied between the sleeve 534 and stem 504 causes the 
sleeve 534 to move, thus correspondingly moving the substrate clamps 520. 

k I t 

[0094] An outer portion 546 of the sleeve 534 is threaded and mates with a 
corresponding male threaded portion 548 disposed In the mounting plate 530. The 
amount of thread engagement between the mounting piate 530 and sleeve 534 may 
be adjusted to set the distance the substrate clamps 520 protrude from the support 
plate 506 at a predetermined amount. A set screw 550 in the mounting plate 530 
may be tightened to prevent the mounting plate 530 from inadvertently turning about 
the sleeve 534. 

[0095] Figure 8 deplete a partial view of another embodiment of a substrate 
carrier head assembly 800. The substrate carrier head assembly 800 is 
substantially similar to the substrate carrier assembly 430 described above except 
when a contact plate 802 is disposed on a support plate 804. Generally, the contact 
plate 802 is disposed on a first side 806 of the support plate 804. The contact plate 
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802 is comprised of a conductive material and is utilized to bias the substrate 422 
during processing. The contact plate 802 is electrically coupled to a terminal 810 
disposed on a second side 812 of the support plate 804. The terminal 810 facilitates 
coupling the contact plate 802 to a power source (not shown) by a lead 808 that is 
used to bias the substrate 422. 

[00961 The contact plate 802 is generally located proximate the edge of the 
substrate 422. The contact plate 802 couples the bias, such as voltage bias, to the 
substrate 422 directly or to a conductive seed layer 820 disposed on the substrate 
surface that wraps around the substrate edge to a portion of the substrate backside. 

[00971 Figure 9 depicts another embodiment of a substrate carrier head 
assembly 900. The substrate carrier head assembly 900 generally includes a 
housing 902 defining a central cavity 904 with an opening 906 disposed on a bottom 
portion of the housing 902 and at least one port 908 disposed in a vertical section 
920 of the housing 902. The port 908 is sized to allow for a substrate 422 to be 
received horizontally within the cavity 904 from a robot (not shown). 

10098] An actuating shaft 910 is disposed in the housing 902 and may actuate a 
support plate 922 towards the opening 906 of the housing 902 by a motor (not 
shown) disposed in or connected to the substrate carrier. The support plate 922 
receives a substrate from the robot and secures the substrate facedown in a 
horizontally displaced manner. 

[0099] The support plate 922 includes a contact plate 916 disposed on a first side 
924 of the support plate 922. The contact plate 916 is comprised of a conductive 
material and is utilized to bias the substrate 422 during processing. The contact 
plate 916 is electrically coupled to a terminal 926 disposed on a second side 928 of 
the support plate 922. The terminal 926 facilitates coupling the contact plate 916 to 
a power source (not shown) by a lead 930 that is used to bias the substrate 422. 
The contact plate 916 is generally located proximate the edge of the substrate 422. 
The contact plate 916 couples the bias, such as voltage bias, to the substrate 422 
directly or to a conductive layer disposed on the substrate surface that wraps around 
the substrate edge to a portion of the substrate backside. 
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embodKnen. of the p«*0 need « V*£J ^ ^ as a 

^ents of - S?JL dissotudon process. The 
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* example, drat may - deposed * ^ ^ ^ 8utetrate 

^^^IteZtt-U the p*». head ,030 dun,g 
1014 from moving laterany ^ 



relatt ve to ce another tn an axta. M ^ ^ me 

^e, plate's bodom and the -««"J ^ „ ^ nng 1006. or 
^ve dfctance mat the eubstre* 1014 ex»n* b* ^ „ 

». amount of pressure the reta»»ng nng 1006 

schematic view In Figure iut>. 



WO 02/075804 

26 PCT/DS02/04806 

1002 te *• - movement T 006 ^ *• 
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10108] The anode/cathode 1 126 may comprise an anode/cathode ring disposed 
in the walls 1136 of the enclosure 1134 and adapted to have a bias with the 
substrate 1122 and/or roller 1128 for performing deposition and anodic dissolution. 
Alternatively, the anode/cathode 1126' can be positioned at the lower portion of the 
enclosure 1134 where it may be immersed in the electrolyte solution. The 
anode/cathode 1 126 may perform as either an anode or a cathode depending on the 
positive bias (anode) or negative bias (cathode) applied to it. For example, when 
removing material from a substrate surface, such as by anodic dissolution from an 
applied bias, the anode/cathode 1 126 functions as a Cathode and the wafer surface 
or permeable disk 1128 may act as an anode for the dissolution process. A weir 
1145 may be disposed on the outer surface of the enclosure 1134 to capture 
electrolyte, which may then be filtered and recycled through shaft 1140 or be 
disposed. 

[0109] The substrate earner or head assembly 1 130 is movably positioned above 
the roller 1 128. The substrate carrier assembly 1 1 30 Is vertically movable above the 
roller 1128 and is laterally movable thereto, for example, the canter assembly 430 
may be rotatable about a vertical axis y. The x and y axis of the partial enclosure 
and the head assembly, respectively, are offset to provide orbital motion between 
the roller 1 128 and the substrate carrier assembly 1 130. 

[oho] The substrate carrier assembly 1130 generally holds a substrate 1122 
with the deposition surface facing down towards the roller 1128. The substrate 
carrier assembly 1 130 may be adapted to provide the substrate in a vertical position 
to the enclosure 1134. The roller 1128 comprises a cylindrical surface of polishing 
material that may be rotated parallel to the substrate surface to polish the substrate 
surface. The roller 1128 may "sweep" or be moved in a relative parallel motion, i.e., 
translations! or linear relative motion, across the surface of the substrate to polish 
the substrate. The roller 1128 may further be rotated horizontally across the surface 
of the substrate or to expose additional material for contact with the substrate 
surface. 

[0111] In one aspect of the roller 1 128, the roller is adapted to have a lengthwise 
width of about the substrate diameter plus an additional width between about one- 
quarter (1/4") of an inch and about one (1") inch on either side of the substrate 
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diameter. The ro«er diameter m ay be of any amount dependent on the 

ZTTk ^ ** 8128 * ^ SyS,em ' For * — ^ng a 

*a™*r between about throe (3) and about four (4) inches may be used ,n me 
electrochemical processing cells described herein. 

[■»«! The roller may be rotated exially or vertically at a rote of about 600 roms 
or less, such as between about 10 roms and about 200 .pros, during po«sh,ng. The 
n*r may be moved across the surface of the subsbate a, e rote suffcten, ,o ensuro 
effecbve polish of the subsbate surface, for axampte, at about oneself (1*-) ^ 

1120 w* me substrate 1 122 and rotor 1128 of po.teh.ng materta, contacttog each 
ofter du„„g po tehlng . ^ 8ubstra(e „ ^ ^ 

Mshed tong down, and .owarod infoihe e^osuro 1,34 and posted in c^rrtao. 
wth the roller 1 128 of polishing material for the polishing process. 

mm Figuro 11C is a schematic side view of another embodiment of the 
apparatus ,|» In the embodiment shown in Flguro 11C, the subsbate 1122 is 

«**" ««* encosuro 1,34. The ro.er 
128 of potahmg matenai is then positioned over and across the substrate eurtace 
to provide mechanical activity across Ore substrote surface to remove material from 
the substrate surface. 

10114] Flguro 1 1D is a schematic side view of another embodiment of (he 
apparatus 1120. In the embodiment shown in Figure 11D, the subsbate 1122 Is 
vocally disposed feca down In the electrolyte solution within the enclosure 1134 
One or more rollers 1,28 of polishing malaria,, which may be conduce, aro 
postaed In series to provide mechanical acbvity across the subsbate surface to 
remove material from the substrate surface. 

?ZL, T l fadWate ^ °' emb ° dlmente ° f ,he -d apparatus 

d«*nbed above, computer based oontroilero may inctede a CPU (not shown), which 

mdusba, setbng for controlling vartous chambero and subprocessoro. Memory (not 
shown) ts coupled to the CPU. Tna memory, or computer-roadable medium maybe 
one or more of roadfly ava«able meroo,y such as rondom acc«s memory (RAM, 
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' . fc terddisk or any other form of digital storage, 
h a conventional manner. These er ^ ^ 

^^^rsl" 2-* - *■* <i9v,<!e8 • 

^ » e controller, such as s ^ a» common* 

as computer ^^ rt ^ P l ^ invention is not MM » 

parsonal computers and can oe imp 

„*frames, end supercomputers. . 

. rt««si«on and polishing process descnheo 

dted oaed there* may he ^ "^nted In sonwar* aa exacted on a 
controller. As such, "^^^'^^ appUcofon specfflc Integrated circuit or other 

type of hatdware implementation, or - 

HSDadSte** 2525888 ^ d8SCribe d herein provide for planarizing a 
^ Emhodlmems ot the men™* ^-*^ ^ 8nd ^ 

8ub atrate surface ustng ^ „, passing a suhahate 

^uea. in one ^n conning a ""- n 

iaciudlngpoawonlngmesoostrate^n^e vt ^ 

MM*, e leveKng agem, a «- *^ » subsWte „ „. a,e<*ol*e 
apply.* en enodlo htes ^ VWetheproce*, 

^iSSZnSE^ - .eps do not n~d to * serrate 
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-«*•«. canter asserebiy 430 l^T « * ' '» • 

enclosure 434 contetn^ ^ ~* "7 ^ " * ~ 

«"»^<e may ba etecbfcaliy csnnacfco tea " * * p 1300 ' ^ 

as an a^e or oa^e d ^7 s ^ N, ^ 8M ^ 

a conduce po, te hte 9 ^ J ~* « 428 reay be 

ona aspsct, „. enttB ,„ J£ - soMten, and ,„ 

elechoiyte soluhon ^ ^ prw ™ y '"f'T 1 * *• eolubon. The 

-*-» line 440 a^ r «-"- « - 8uid 

ahownhF Bure 4. ^ ft « Penile disk 428 M 

Wag The electrolyte solution disposed in - . 
oo-xrnercMy available etecboJ^ " ^ 9ncl08ure <* may tnciuda 
sullunc acid baaad elecborytes * ohej"""**' "^"^ "»* *<*>*> 
«*- ^pnate «i laSl*** ~ M 
technique, and ECMP techniques The ekJn*, ^ ^^^i-H, 

sulfuric acid based etecwL such T** "*> *° ^ - 

P^sphodc acid baaad etecMytes sucL? **■*» * 

P—b add andrer acetic ^^es having 

used. Addfflonalfc to . ~ ™ « **— • «nereof may also be 
convene used „ ""'^ contposittens 

addfflvaa, such a"tl„ ' nCWn9 "sad 

Molar M and about 1.2 M of ** « 

PH between about 3 and about^ e,e *° l>,e Kas a 

^^^i^rsr - ray afe ° -~ - - 
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pbosphate (NH^PC). »*» 

pnosphorfc a*, or a ^ phosphate and/* 

percent by wdgh. * £ prasan, in amourds barren abou. « 

diammonlum hydrogan P**"*^ ^ ^ ^ «U» eW**fi» 

and about 26 pe^en. by pa(ent Sedal 

soludons are further ^ - ^ « •** 

■Electrolyte Composition And Treatmen 
Polishing ■ filed on December 21 , 2001. 

, tariud. a passivation or suppressing 

^ ^"'^^r^Lonsdtarec,. Tr* passive**, 
,eve«ng agents, viscous •"">■""* ^ aIlMre for me fbrmadon of a 

or suppressing agent deposed ,n *» eleoMr* ^ ^ ^ ^ The 
passivation, or suppressing layer ^ ^ ^ and 

peesivation or suppressing layar . deposite d on the substrate 

surface The passivation or suppressmg layer may 

surface. ^ ^ 

^ C-^*^*^^ ^ ^ irdera*n between 
by M a layer o. mafcria. » £ 8UTOUn ding ale*ot»1a. The 
material disposed on the ^jT^ ^ the surface from me 
.ever of material formed by ma common ^ on ^ 

surrounding electrolyte, mus, -PP«^—^ Examples of 

surface and M — """"^ d^a a ^ 
eormsion inhlbKom used herein ^^e^. or * 

contalning an azote group, su* as benzrf ^ ^ ^ 

^.benzouiazole. It is „„ me rflrogen atom can 

fom ^dinate covatem bond* , v* « »nd" ^ ^ prefe(fed 

oxide formation. 
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101261 The Oon »*n inhibitors may be present in . 

Point of the solution, /.e., without p^^l T ° P t0 ^ SatUratio " 

concen^on of corros/on Inhibitor SZT? ^ A 
- elec^lyte soluOon can T^7 0 " W ' % 10««tf 

inhibitor between about 0.05 vo,% and aboulT^t' ' C ° nCentrati ° n * 

ab0Ut 2 vo,% ™y be used in the electrolyte 

101271 Leve 'infl agents are broadlv d*—\ 

*«**» cu^ „ ^ 8 ^1 ^ ^ SUPPress 
'»<*<*. but are „« IWted V*** of tevaling aBent5 

*** any omo*. em * f *e prccesa daacttad 

and P0¥mkte5 ^^7 P ^ ■* «* as patinas, 
naphthatenesulfonic acid a«Z r^" 6 "* 8 ' 
subacid. 

*-**ett^ 

and conduce b " w »" 

compound, U8ed h efecJLJZsTT '" hlblt0re 

Wai 11,6 leveling agents 

- e^ ^rr^rr and about 10 « - 
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aepos«s or layers pass^e . su = « ^ J^, - mated* 
^ce and IM ateotroehemioa. acM^ «* ^ and 

suppress 

■ add«ves, such as Lp-esenllnlne —**•■"»*" * 

— * ; wo 2T^l. Useful edd^ include one or 

to about 18% by wergt* m volume to 9toups , 
^ chelae agents having an** "^g^^ Fot6Xampte . 

«,« chelating agents ma, include tetraefcyle P amnon , a 
MftMrt-M. ethlytenediamine. ammo aada amm 
Il-.amo^.ondoadd.andamnK.niumauoc.a.a. 

, i. rta a corrosion inhibitor, being 

addad to ft. slecbcly* and ammonium « • 

percent by weight in volume of total souse 15 
U addad to tha ele<*oly1e aotudon in ^ •„ ^unts 0, 

is added In amounts rangmg from about? ^ ^ ^ 

, mav also include abrasive partioles up to about 35 
,.1331 The electrolyte solubon may al* „ ^ 8ubstrate 
U or ,ess o, the elecbo^e to -"^g^ „ about 2 M . % or less of 

surface during processing. For -am. 9 ^ ma , ta 

abrasive particles may be Included m the aleotroiyr 
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used In tee electrolyte include, but are not limited to .»• . 
«an.um ox.de, cerium o*de. or any oJT2t 

*° about a, nm and ebc^t, " * ^ ^ " 

surfeceatstop 1320 T '^^'^^•heaub^te 

*-*» *h tee M^^Tt ^^^^anica, 
permeable dlak are moved In relative mot^T SUbS * ra,e and *» 

— te me^tl^ su * * 

fotmod on the substrate surface m * ,he Paaslvation layer 

-^^con^ 

reateda, fram tee subsbate stmTto o * Wr - 
<" about 2 pel or teas Is used to remove TZ T * P * hl « pressure 
— *0 <°* tbe electe^amriT ^'^'^^^ng 

°^andtow kpo J^ - " -naterlab, such as a^ 

»«* as about 0.6 pst £TZ 7 h " B ~**-«i— 
"~ of about 6 7o7,r cc! emb0dlmen, *"•'"»•■*- 
"mb'nataa teereof. may be used"i pTT ' ^ or 

*it,ie., tee ponsh^ pressure may be abtr "*** ** ~* 
^ - - may be ^ en ~ = 
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, flhout 10 o rpms most commonty used. 

15 volts may be used to drseolve oopp surface acB as an 

^andWothee**^ 

^ dens.., between abort „ dls* 428. wbi* 

^ AKernrtiveiy. the bias -^JJ conduct cunent or power to the 
may be a conductive polymeric pad to electnca y 
subs trata surface during prooesalno. 

a™ the anodic dissolution pmoass may be vaned 
pM Tbe bias applied to parte™ me an^ ^^ 

bom the aubatrat. surface. W — • ^ ^ appfcd by ^ putse 
p^ded to me substrate surface T£b 

LuWon technic The MM J* ^ ^ far . „ Cm a 

padod. man applyin 8 a constant r*v«se> ^ ^ eiecMcal ^ 

L pedod, end ^ J between abort -0, -> 
modification technique may use a «W £ ^ „ 

ana abort -16 vo» to betoveen abort U** - 40 for a 

200 mm subs**, Becmca. pulsea n» be « ^ ^ „ 5 

3 seconds, for e»mple, between about 0.2 seco 

m lBsecondaand100m«teeconds. 
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V»KI] The pulse plating technique allows for both , 
anotiio dissolution durti* * * f* as 

»™°ass described herein. to pu(8e Dl J^!"* 0Chem,Ca, "—WpoW, 
etectiooepoeBon o, I™"' 6 " ^ " minlnto -V 

fcdher disposed .„ " ^ platino techno ~ 



"-•her dsCosed In oo^ndi™, uVpL I**b techniques ere 

^onForHiahAs^ReBoStreoteresuf c, ^^a-nica! 
» Mey ,1. 2000, end U.S. Petem^ 7 PUlS9 M ° dU,a,to "'. « 

22, 2000. Usino Waveforms-, (tied on June 

W«l Meteiiel is removed Iron, =, taac , 

anodio dfesoiution, nrechanlca, J^V^f *» ***** ««■- * 
*ove. -step 1340. The ti.es b appw teLT. ° *""* 88 
oontemino ma tede. e, e rete o, ati^ >£T* * ~»» «*»■ 
*W" and ebou, ,5.000 Afrein ,„ or l h "■* 88 "^an atiou, ,00 

^'^'«a»arenC b te2Z^ 0 ^u: n, * ** — 

aooun oo A/min and about 5,000 A/mln. 
An example of the nniich.v, 

copper^ iSiT" • «** 

«°. and then p^ ^ J^J^**" m a center aseemti* 

.«« of tienzotitezote es the ooZ^ h k ■**" Wudh « *« 0.0, 

'0 tpms end etiou, ,o7^~t A P< * teh,n!, *~ "~« a J 
-batiste end tire P^mSTTT * *" 1 N 
« atiou, 2 volte ts epplfcd te *» -« « votis 

™. aopper^^ mat9rl8 , ^n^a ^" " — *» "** ped. 
about 5000 A/roin. 8 ' 8 betwe an ebout 50 A/min and 

«• -astrete is ti^rred te a ^ *^ *•»'»-"*".*, 

^^^^adonisZ: r; or j r m r ° *• • 

resurface. The substrate may then 
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be positioned in an electrolyte solution, and a bias may be applied and the surface 
polished according to the process described herein. The passivating material may 
be a dielectric material, such as silicon dioxide, or organic materials, such as 
insulating polymers, such as parylene base polymers used in semiconductor 
manufacturing. Materials that may be polished at polishing pressures of about 1 psi 
or less may be used in the process described herein. The passivating material is 
deposited to a thickness between about 5 A and about 100 A. 

[0144] While the exact mechanism for planarizing the substrate is unknown, it is 
believed that the planarization process is as follows. A passivation layer which 
chemically and/or electrically insulates the surface of the substrate is formed from 
the exposure of the substrate surface to the corrosion inhibitor, leveling agent, or 
viscous forming agent, or combinations thereof, or by the deposition of a dielectric 
layer or organic material. A bias is applied to remove material or enhance removal 
of conductive material, such as copper-containing material, from the substrate 
surface by anodic dissolution. However, since the passivation layer insulates or 
suppresses the current for anodic dissolution, mechanical abrasion is provided 
between the substrate and permeable disk to remove the passivation layer from 
areas of contact between the permeable disk and the substrate, such as from peaks 
formed on the substrate surface from excessive deposition or topography of 
underlying layers, and expose the underlying copper-containing material. The 
passivation layer is retained in areas of minimal or no contact, such as recesses or 
valleys in the substrate surface. The exposed copper-containing material is then 
electrically connected with the electrolyte solution and may be removed by anodic 
dissolution. 

[0145] The selective removal of the passivation layer from peaks by contact with 
the permeable disk 428 under the applied bias while retaining the passivation layer 
in valleys, allows for increased dissolution and/or removal of excessive copper- 
containing materials from passivation-free portions of the substrate surface in 
relation to the removal of the conductive materials underlying the passivation layer. 
The increased dissolution and removal of the copper-containing materials without a 
passivation layer formed thereon allows for increased reduction of the peaks formed 
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on the substrate surface 
• enhanced ptenatoto^^r^l',^*" 8 ^ *> 

PMfl AddltlonaDy, ramovei of 

*» the 8ubsftae ^ to ^ p^^T-* " «* <"*«o„ aiiowa 
2 P* or iasa) than vmmJZE T *°« 

P'ananzingaubsaate^J^ **** «* P""*ss suitable for 
- MMm sue a. I^^T-^^^ 

invention centemplates app«catlo„ of ft. ^ * Wn 8 8ubslrate . »» 

•antalum, and ^ dopK) *»• tanafon, 

and/or removed „ a.^ca, p^^r "* ^ ^ 
and combinations thereof. ' 5UCh 88 ^hnum, gold, silver, nfckel 

[0148] Figures 13A 13F 

1200 during o„; ■r^ 8 *'' 8 ' *" °' 8 «*— 

above. Referring to TV " ** PTOe5s in steps 1300-1340 

-** -a,r 1220 1,^^ t ^ — 8 

aonformaily dispoaed on surfaces of the L , ' ' ^ "" er ,2 « 

'ayardep.s^on.hebanleriarrrnoUhoT 5 ^ " ^ W «» r aeed 

deposited in the features 1205 in this example. C ° PP8r ' " 8tectr0ch a m *=ally 
Iomsi Referring to Flour, iin . 

auifeoa , 2 oo h the elearoiyfe soiuUon wTZT * 

1270. The passrvation layer , 210 g enerallv 
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1250 on the substrata surface 1200 Inching 

'* i-itrrs-^ 

«8 are contacted *«h ona another and on 

^ ^poaad conduct mated* ««^ ^ ^ fot fte 

beW aan ft. substnde a" •» *™\ removal „ „ teast a portion 

„ fta coppar nratenat 1260. A M £ «^ 428 ■ ^ for anod* 

contact hereon the -** «^ ~ - — ^ 

dissolute of the oopper ^a 1280- ^ ^ of copper 

^ transfer to a polish** '^"^J^ deposed and potishad aa 
ene aspect of the Invent, a subsWe ^ ^ 

Casern above „ haosfened to a Nj» Resldual ^ 

mat eriat, such as copper. * remove^ M ^ ^ „ ^ ^ 

„ broadly defined as any buK mart ^ ^ inotude 

^ steps has bean pertomted on «^**~ ^ wper as 
copper mafcda-.su* ^ee, rerM ved «n the 

„,„ aa copper po«sh*g '„ oover Ore surface a 

MM* surface. Residual rna, ^ , aye[ ^ be exposed 

^ for — or M« - — ' 
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P"S3| in one example, substrate . 

usa * abrasive free or abrasive LJ1 , ™ e P ° ,feni,, 9 P™«« "V 

a*a*e.free pofehlng J "i^ 1 ^"-" 8 « 

P0Wn 8 composite ^ " 8 ••*■*» stete. A banter 

• are tben removed from the suZ " ***** m and ^ layer 

-•hesubsfrate. T,e tem >;jl e ^' ~ bya ^^ 
0- compose on a c^nventto^^^. ""»«» "»» <* • abrasive 
*«*-*»* afeo *„own as spii^h **" ^ " »** ^-speed 

- « soft polishing pad „ "IT * **■ * *»<°™l 

(AS™,, headpua^ ' ^ k ' fcanSOCfelyforTa ^^ 

— P^asurae. aucbLar/pa^tterr^' * 
P-ooess and composite Is dbok»ed h 1 7* ^ * a SU " abte b *K> 
No. 09/569,968. „«, on May ~ h ' «* Paten, Application Sen* 
extent no. Inconsistent with ft. b^l " arein * to the 

oaposfe, on the pol teh .^ pads ^ ^V** 

a«mpte of a eufrabte cteanhg soluf^J^ 0 " 8 "** An 

- App»sd Materials. of U^S^" — * 

Wfl Finally, fta substrate may be exposed to 

Process to reduce defecte formed during Z2 T *«* 
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formed on a substrate surface. An example of such a post polishing cleaning Is the 
application of Electra Clean™, commercially available from Applied Materials, Inc., 
of Santa Clara, California. 

[0158] While foregoing is directed to various embodiments of the invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 
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What is Claimed is: 

1 . A method of processing a substrate, comprising: 
forming a passivation layer on a substrate surface- 
polishing the substrate in an electrolyte solution; ' 
applying an anodic bias to the substrate surface' and 
removing material from at least a portion of the substrate surface. 

2. The method of claim 1, wherein the passivation laver is an,,™, 

T" 1 *" 1l ^ Pa8S ^ 0n ^ iS *>"■»« "y depose 
a dieteclnc or organic material on the substrate SUIfa(:6 . ' P ^""' 9 

9. The method of daim 1, wherein the pasetvahon layer comprises s*con o»de. 
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u -n»h« electrolyte is selected from the group of 
10 . The method of Cairn , whereto e-ectrolytes, sulfuric acid 
sutfuric acid based elects, P^ h f ^J ed ^ M de «es, and 
based electrolyte derivatives, phosphonc aad based 
combinations thereof. 

particles. 

, . „ a hVas to the substrate comprises 

sutetratoofaboutzpsiorlessduringpowns. 

„ ™„ the corrosion Inhibitor, leveling agent, or 

electrolyte. 

disposed nW***«. „ . ^ agent, a viscous 

^r^e st—e * the M .- - ^ artd9, ° 

applying a bias between an anode and a oatho 

dissolution. 

16 .arne.odot^t^erein^-b^.es^ 
^IZeva.ingen^poten^.o.esobstra.sortace. 
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combinations thereof. electrolyte derivatives, and 

21- The method of claim 15 wherein fh« . ■ 

22 - The method of claim o\ u* • 
23. The method of claim 15 • « 

vfsoousfom,^ agent orcombmaalT *T C ° TOSi ° n ^ W 
abou, ,0 v*% of«be ^ *~* »*— *»- 0.005 « 

an cathode disposed in the partial enclosure; 
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r rrrr — 

■**M from a. teas, a portion of the substrate surface. 
2 , ^ca^ooraprtsesart^^ 
disposed in the partial enclosure. 

2 , ^apparatus^.raa^arainthecatrtoaeoon^artn,^, 
disposed In the partial enclosure. 

. , ,= im 30 wherein the conductive polishing article comprises 
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PPiy time varymg anod,c potential to the substrate surface. 

35. Aneleob« tam ,ca 1 depo^„ system , OT ^ 8ina . 
8 ^"*»™havln8amai 1 * Bm9wafertran8fer 

, ^^"n*p OM d l „bon„eo^»^ tteraW ^ ; 

pracesslng cells; and ' COT "«t«l to the ono or more electrochemical 

T ° f m ° re " — > * - . raore ^ 

«=^r^rir' * — - 

IpHa^ SyStem " ** * ** * — — . process*, cel, 
^Jl-^^,^^^^^^^^ 

an cathode disposed In the partial enclosure; 
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Fig. 3 
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Fig. 4 
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Fig. 7 A 
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Fig. IB 
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Fig. 10A 




Fig. 10B 
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Fig. 11B 



1120 




Fig. 11C 
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Fig. 11D 
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Fig. 13A 



1270 




1240 



1205 



1250 



1220 



— 1215 



1200 



1230- 



Fig. 13B 
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Fig. 13D 
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